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Electrical circuit for driving a load 

The invention relates to an electrical circuit for driving a load. 

5 In as far as electric or electromechanical systems require a measurement of 
current, such measurement is usually performed in that the current to be 
measured is guided via a shunt resistor. The resultant voltage drop can be 
detected by measurement technology and, provided that the resistance 
value is known, be converted into a current value. Thus, what is required is 
10 an accurate knowledge of the resistance value of the shunt resistor. How- 
ever, shunt resistors are cost-intensive and are subjected to relative large 
manufacturing tolerances. Further, it is often necessary to solve problems in 
the assembly process. Finally, the resistance value of a shunt resistor is de- 
pendant on the temperature. 

15 

For current measurement in an electric or electromechanical system, it is 
thus of advantage if one can make use of the voltage drop across a compo- 
nent existing in the system. In this regard, however, it is to be considered 
that the resistance value of such a component may lie within a per se 

20 known range of resistance values. Under this aspect, it is thus required to 
determine the resistance value of the component prior to the start of the 
intended use of the electric or electromechanical system, wherein the only 
known parameter is to be seen in that the possible minimum value and the 
possible maximum value of the resistance of the respective electrical com- 

25 ponent are known. 

Thus, it is an object of the invention to provide an electrical circuit compris- 
ing a device for determining the resistance value of a transistor of this cir- 
cuit which is required for the correct functioning of the circuit, or of an elec- 




trie component of which only the maximum possible resistance value and 
the minimum possible resistance value are known. 



According to the invention, the above object is achieved by an electrical cir- 
cuit comprising a transistor whose resistance value lies between a known 
maximum value and a known minimum value, by means of a measuring 
bridge. 

The above is a device for determining the resistance value R x of a transistor 
whose resistance value RX lies between a known maximum value R X max and 
a known minimum value Rxmin/ by means of a measuring bridge having the 
transistor and a known reference resistor R R arranged in its first bridge arm 
and having three respectively known resistors Ri / R 2/ R3 arranged in its sec- 
ond bridge arm, the first bridge arm comprising a resistor connecting point 
K x between the reference resistor R R and the transistor, and the second 
bridge leg comprising a first resistor connecting point K 2 between the first 
resistor R x connected to the transistor, and the second resistor R 2 , as well 
as a second resistor connecting point K 3 between the second resistor R 2 and 
the third resistor R 3 connected to the reference resistor, and the values of 
the reference resistor R R of first bridge arm and of the three resistors 
R1/R2/R3 of the second bridge arm being selected in such a manner that (i) 
the potential of the resistor connecting point Ki of the first bridge leg is 
equal to the potential of the first resistor connecting point K 2 of the second 
bridge leg if the transistor is at its minimum resistance value Rxmin, and (ii) 
the potential of the resistor connecting point Ki of the first bridge leg is 
equal to the potential of the second resistor connecting point K 3 of the sec- 
ond bridge leg if the transistor is at its maximum resistance value Rxmax, 

both bridge legs of the measuring bridge have a measuring current I T 

flowing therethrough, and 

on the basis of the ratios of the difference voltages between the resis- 
tor connecting point Ki,K 2 ,K 3 , on the basis of the minimum resistance 
value R X min and on the basis of the maximum resistance value R XM ax, 
the present resistance value R x of the transistor is detected. 



Advantageous embodiments of the inventive circuit are indicated in the re- 
spective subclaims 2 to 9. 

In the inventive determination of the resistance value of a transistor, use is 
made of a measuring bridge having an arrangement similar to that of a 
Wheatstone measuring bridge (see e.g. US-A-3 150 315, US-A-3 227 953, 
EP-A-0 215 190 and DE-C-943 072), with the exception, however, that 
none of the resistances can be changed. In the first of the two bridge legs 
of this measurement bridge, the transistor whose resistance is to be deter- 
mined has a known reference resistance arranged next to it. In the second 
bridge leg of the measuring bridge, a serial circuit comprising three known 
resistances is arranged. The values of the known resistors of the measuring 
bridge are determined in the manner described above. The inventive meas- 
uring bridge is represented in Fig. 1. Of the resistance R x to be determined, 
it is only known that it lies between Rxmin and R XM ax. After the reference re- 
sistance R R of the first bridge leg and one of the three resistances of the 
second bridge leg, in the instant case the resistance R 3 , have been prde- 
termined, the values for the resistances Ri and R 2 can be obtained from the 
following two equations: 

Rxmax / (Rr + Rxmax) = (Ri + R 2 ) / (Ri + R 2 + R 3 ) 
Rxmin / (Rr + Rxmin) = Ri / (Ri + R2 + R3) 

A measuring bridge dimensioned in the above manner can now be used, 
when impressing a test current I T , to determine the resistance value of R x , 
i.e. the resistance value of a transistor. For this purpose, the difference 
voltages between the nodes of Ki and K 2 , Kx and K 3 or K 2 and K 3 are ob- 
tained through measurement technology. Two of these difference voltages 
have to be detected to thus be able to obtain the resistance value of R x 
therefrom (e.g. according to the rule of three). 



If, for instance, the voltage difference between the nodes K x and K 2 is 0 
Volts, the value of the resistance R x is equal to its minimum value. If, on 
the other hand, the difference voltage between the nodes K x and K 3 is 0 
Volts, the value of the resistance R x is equal to the maximum value. In case 
of difference voltage values between the nodes Ki and K 2 and Ki and K 3 , 
respectively, which are unequal to 0 Volts, value of the resistance R x is 
equal to the respective percentage of the maximum or minimum value. 

Thus, in the above described manner, the value of the resistance R X/ i.e. the 
resistance value of a transistor, can be determined through measurement 
technology, when all that is known of a transistor is that its resistance value 
is between a known maximum value and a known minimum value. 

Therefore, the invention makes it possible, in order to perform a current 
measurement within an electric or electronic and resp. electromechanical 
system, to use, for a shunt resistor, a transistor of this system of which only 
the allowable range of resistance values is known. The transistor which can 
thus be used may be, for instance, a polarity protection transistor or also a 
transistor switching a load (highside or lowside switch) of which the mini- 
mum and the maximum value of the ON-resistance is known. However, also 
any other transistor having an ohmic portion, i.e. also a resistor, can be 
used as a to-be-measured transistor. 

In the normal case, the transistor which according to the invention can be 
used as a replacement for a shunt resistor, such as e.g. a polarity protec- 
tion transistor or a load-switching transistor, is temperature-independent 
with regard to its ON resistance. Thus, the above described inventive cali- 
bration is suitably performed when the temperature of the transistor used 
as a shunt transistor undergoes a change. The detection of the temperature 
can then be performed through measuring technology by means of a tem- 
perature sensor. By way of alternative, however, it is also possible to draw 
conclusions on the thermal stress and thus the heating of the transistor on 
the basis of the electric stresses, particularly on the basis of the current 



flowing through the transistor. A further possibility for the determination of 
the resistance of the temperature-dependent transistor resides in perform- 
ing the calibrating method cyclically after the lapse of respectively a time 
span, i.e. in determining the to-be-determined resistance value on an up- 
to-date basis each time. 

The invention will be explained in greater detail hereunder with reference to 
the drawing. The individual Figures show the following: 

Fig. 1 the resistance measuring bridge provided according to the in- 

vention, and 

Figs. 2 to 4 different variants of an inventive circuit for measuring the oh- 
mic resistances of transistors of the circuit and resp. of a resis- 
tor of the circuit, which during the application serve for current 
measurement. 

Illustrated in Fig. 2 is a first embodiment of an electric or electromechanical 
system 10 in which, for current measurement during operation, use is made 
of a transistor of system 10, in this case a polarity protection transistor, 
which before has been measured as provided according to the invention. 
System 10 comprises an electrical circuit which, in this embodiment, is used 
to drive highside and lowside switches 12,14 which in turn drive a load 16. 
The highside and lowside switches 12,14 are driven via a control unit 18. In 
the energy supply path of the load current circuit 20, there is arranged a 
polarity protection transistor 22 of which Fig. 2 shows a substitute circuit 
diagram comprising a switch 24, an ON resistance 26 and a diode 28 con- 
nected in parallel to both. Also the polarity protection transistor 22 is con- 
trolled via control unit 18. 

According to the invention, this polarity protection transistor 22 or, put 
more precisely, its ON resistance 26 (hereunder also referred to as R x ) are 
used for current measurement. For this purpose, the voltage drop across 



the ON resistance R x is picked up by a current measurement amplifier 30 
and is supplied to control unit 18 by means of an A/D converter 32 con- 
nected to the output of amplifier 30. Then, provided that the value of the 
ON resistance R x is known, the voltage can be calculated on the basis of the 
measured voltage drop. Thus, during the application, switch 34 between 
current measurement amplifier 30 and A/D converter 32 will connect the 
two units (see the interrupted line in Fig. 2). 

Also the switching state of switch 34 is controlled via the control unit which, 
however, is not illustrated in Fig. 2. To be now able to measure the ON re- 
sistance R x whose minimum value and whose maximum value are known 
while its exact value is unknown, the above described circuit of system 10 is 
supplemented by the parts and circuit components mentioned hereunder. 
First to be mentioned in this regard is the inclusion of the polarity protection 
transistor 22 into a modified resistance measuring bridge 36. Further, a ref- 
erence resistor R R is connected in series with the ON resistance R x . Con- 
nected in parallel to this series circuit comprising reference resistor R R and 
polarity protection transistor 22 is a further resistor series circuit comprising 
the three resistors Ri,R 2 and R 3 . Thus, the first bridge leg of measuring 
bridge 36 comprises the reference resistor R R and the polarity protection 
transistor 22 while the second bridge leg 40 comprises the three resistors 
Ri,R 2 and R 3 . Between the individual resistors, there are then provided the 
nodes or resistor connecting points K lt K 2 and K 3 . 

For impressing a measurement or calibration current into measuring bridge 
36, use is made of the unit 42 which is either provided as a current source 
44 or comprises a switch 46 which, when closed, will cause a current to be 
impressed into measuring bridge 36 via a resistor 48. The activation of the 
calibrating current is performed by control unit 18. 

Beyond the above, the measuring of the ON resistance R x requires a differ- 
ence amplifier 50 which via a multiplexer 52 connected upstream thereof 
selectively detects the difference voltages between the resistor connecting 
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nodes K x and K 2 , K x und K 3/ and K 2 and K 3 , respectively. The output signal 
of difference amplifier 50 is supplied to control unit 18 via the A/D converter 
32. For this purpose, switch 34 assumes the switched position represented 
in continuous lines in Fig. 2. 

5 

Figs. 3 and 4 illustrate two alternative concepts belonging to the system 10 
according to Fig. 2, wherein, according to Fig. 3, a lowside switch is used for 
current measurement and in Fig. 4 an ohmic resistor is used as a shunt re- 
sistor. The basic arrangement of these two alternative systems 10' and 10" 
10 is however the same as described in connection with Fig. 2. 

For all of the variants, with regard to the dimensioning of the still-to-be- 
determined resistors R u R 2 , R 3 and R R of resistance measuring bridge 36 
and with reference to what has been mentioned in connection with Fig. 1, 
is the following applies. 

The only values of resistance measuring bridge 36 are the maximum and 
minimum values R X max and R X min of resistor R x . 

20 First, now, the resistance value for resistor R x and the calibrating current 
are determined. Both parameters are to be selected in such a manner that 
the voltage which during calibration occurs on the resistor connecting node 
K 3 will be at the upper edge of the voltage range that the difference ampli- 
fier 50 is able to process. 

25 

Thereafter, the sum of the resistances (R x + R 2 + R 3 ) is determined. This 
sum may indeed have a rather high ohmic value while it is important that 
input currents of current measurement amplifier 30 remain negligible. 



30 



The computation of the values for the resistors R x and R 2 will then be per- 
formed by resolution of the above mentioned equations, wherein the follow- 
ing applies: 
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R 2 = Rxmax x (Ri + R 2 + R 3 ) / (R R + Rxmax) - Ri 

R 3 = (R x + R 2 + R 3 ) - R x -R 2 

Now, after the dimensioning of the resistors of measuring bridge 36 has 
been carried out in the above described manner, the measurement of resis- 
tor R x will be performed. 

For this purpose, a calibrating current I T is impressed into the resistance 
measuring bridge 36. This is performed, as one alternative, by closing the 
switch 46 so that a defined calibrating current will flow through reference 
resistor R R and polarity protection transistor 22 (Fig. 2). Alternatively, the 
calibrating current can also be generated by means of a current source 44 
of unit 42. A negligibly small portion of the calibrating current is guided via 
the second bridge leg 40 of measuring bridge 36. This second bridge leg 40 
generates the minimum and maximum references of the resistor R x which is 
to be measured, as has been explained above. 

Through the difference amplifier 50 with switchable input multiplexer 52, 
the following four measurements can be performed now: 



a) aU(Ki - K 2 ) 

b) aU(K 3 - K x ) 

c) aU(K 3 - K 2 ) 

d) aU(Ki - Ki) for offset adjustment 



Variants d.l) Offsets can be detected directly by use of the measure- 
ment technology, provided that the difference amplifier 
50 and the A/D converter 32 can process negative as 
well as positive voltage differences. 
d.2) The difference amplifier 50 is designed to have a typi- 
cally positive offset (Thus, the offset is always measur- 
able, even in case of an A/D converter 32 operating only 
in a unipolar manner). 



Suitably, in order to minimize errors caused by nonlinearities of difference 
amplifier 50 and A/D converter 32 (particularly in the range of small input 
voltages), the following methods should be applied: 

1. All four possible measurements 3a) to 3d) are performed. 

2. The offset aU(K x - Ki) is subtracted from all four measurement values. 

3. It is detected which one of the two measurement values a) or b) is the 
larger one. 

4. On the basis of this larger value it is calculated, using the rule of three, 
at which percentage between the lower reference (K 2 ) and the upper 
reference (K 3 ) the voltage has been measured at Ki. 

4. a) If All(K 3 - Ki) > aU(Ki - K 2 ) 

# AU % = 100 x Al)(K 3 - K 2 ) - AU(K 3 - K0 / aU(K 3 - K 2 ) 

4.b) If aU(K 3 - Ki) < aU(Ki - K 2 ) 

# aU % = 100 x aU(Ki - K 2 ) / aU(K 3 - K 2 ) 

The absolute voltages in relation to the VSS potential are unimportant 
in this regard. Thus, neither an exact calibrating current nor an exact 
amplification factor are required. Both parameters need only be con- 
stant across the three measurements. 

5. From the percentage indication aU %, it is now possible, again by use 
of the rule of three, to calculate the resistance R x which is to be de- 
termined. In the voltage divider, the ratio of the resistance values cor- 
responds to the ratio of the voltages which drop at the resistors. Thus, 
there applies the following: 



R X = RXMIN + All % X (RxMAX " RXMIN) / 100 
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The values R X max and R XM in are known to the system. They form the 
upper and lower ends of the measurable range of resistance and are 
fixedly set by the developer. 

The control unit 18 will now know the resistance value R x of the struc- 
ture used as a shunt device. 

Now, when during the presently ongoing application a current is flow- 
ing through this shunt R X/ the voltage drop is transmitted via the cur- 
rent measurement amplifier 30 to A/D converter 32 and control unit 
18. The latter will now be able to calculate the current required by the 
application on the basis of the voltage drop and the known resistance 
value R x . 



